The thickness of non-saturated zone and physico-chemical conditions are important parameters to assess the impact of infiltration ponds on water resources with respect to heavy metals transfer. As changes in physico-chemical parameters of solutions have a strong impact on the mobility of colloidal phases in sediments and soils, the colloidal facilitated transfer of heavy metals has to be investigated. Therefore, this study focuses on the characterization of runoff, surface and interstitial waters in a retention/infiltration pond collecting runoff waters of a bridge near Nantes. Physico-chemical parameters and chemical analyses were performed on the waters during about one year. The separation of dissolved and colloidal fractions was carried out by filtration and ultrafiltration for one sample of surface and interstitial waters. Until now, the runoff waters were only filtered at 0.45 mm. The comparison of physico-chemical data shows that the minor variations of runoff water parameters are mitigated in basin and in soils but strong variations impact the composition of interstitial waters. High concentrations of zinc, copper and still of lead are measured in runoff. Lead and cadmium seem to be associated to colloidal and particulate fractions while zinc, copper, nickel and chromium are distributed in all fractions.
Introduction
One of the most common techniques to treat runoff waters produced on impermeable surfaces of roads is the retention and/or infiltration in ponds. Due to pollutants that have accumulated on carriageways, highway runoff is a potential source of contamination of local surface and ground water resources. Heavy metals load is normally quantified in two fractions: dissolved and particulate (fraction retained on a 0.45 mm pore size filter). The amount of trace elements such as copper, zinc, cadmium and chromium in the particulate fraction is often above 50%, for lead the proportion reaches 90% Legret, 2001) . Previous studies have demonstrated that a part of the heavy metals emitted is adsorbed in retention/infiltration pond sediments and in the first layers of the sub-soils (Nightingale, 1987; Yousef et al., 1990; Barbosa and Hvitved-Jacobsen, 1999) and that the groundwater is seldom contaminated (Yousef and Lin, 1992; Legret et al., 1995) . But the thickness of non-saturated zone under the pond and physicochemical conditions play a major role in the retention of pollutants in the first 50 cm of the sub-soils (Dechesne, 2002) . The physico-chemical parameters have especially an important impact on the colloidal transport of pollutants, greatly associated to the particulate phase in runoff waters. Therefore, the focus of the ongoing research is aimed at evaluating the colloidal transport of heavy metals from the runoff to the sub-soil of a retention/infiltration pond. Similar investigation has been carried out on roadside soils, pointing out downward transport and potential contamination of the water resource by colloid-associated heavy metals (Amrhein et al., 1993; Norrström and Jacks, 1998; Béchet and Legret, 2003) . This part of the research focuses on the runoff waters of a bridge near Nantes (France) and on its fate onto the sub-soil below the retention/infiltration pond collecting the waters. It was carried out with three main objectives: † to characterise the run-off regarding the variation of pollutant loading during one-year long period, for various hydrologic events; † to determine the fraction of heavy metals associated to the colloidal phase in the highway run-off; † to identify any evolution in the colloidal phases of waters from the entrance of the pond to the sub-soil.
Materials and methods

Sampling site
The sampling site is a retention pond receiving highway run-off waters from the Cheviré bridge. Opened in 1991 to close the ring road around Nantes, it supports nowadays an average daily traffic of 75,000 vehicles. The bridge is 1.5 km long and 24.6 m large. Carriageways consist of three lanes in each direction, separated by a central reservation. The French city of Nantes has an oceanic climate with a mean annual rainfall of 820 mm, over the last 50 years. Run-off waters are collected in gulleys, driven through an aluminium swallow and next through a concrete pipe to the retention pond. They are gathered for the south part of the bridge in the retention pond basin on the left riverside of the Loire. The surface of the basin is 780 m 2 and has a depth of about 1.5 m. Two collectors drive the runoff waters in the basin: one of 0.8 m of diameter, the second one of 0.3 m. The water is evacuated from the pond by an overflow (Figure 1 ). The pond wasn't equipped with an impermeable membrane during the construction and an important part of the water infiltrates in the soil. The level of groundwater was monitored in the pond and majors variations of the level have been noticed. The pond dries within 2 or 3 days in dry seasons or during period with spaced out rainfalls but at least within one week during long wet periods. The rapid infiltration rate is facilitated by the sandy soil under the basin. Evaporation is also very important in summer.
The Cheviré pond was selected for three studies since 1991 (Legret et al., 1995; Delmas et al., 1999; Durand et al., 2004) . Some data on the characteristics of runoff are available. The sediment accumulated in the pond was also characterized. The fine fraction of the sandy loamy sediment (under 200 mm) represents 75% of the raw sample, with a D 50 of 30 mm. It contains about 39% quartz, 19% feldspaths, 4% kaolinite, 2% oxides, 0.5% carbonates and 84 g/kg of organic carbon. The pH(H 2 O) value is about 8. The mean concentrations of zinc, copper, lead, chromium and cadmium in the sediment are respectively 1500, 210, 250, 75 and 1 mg/kg. It has been noticed that potassium has a higher concentration in the sediment than calcium, sodium or magnesium in the solid phase. The run-off waters were collected in an automatic water sampler with 24 one-litre flasks. The sampling device was set-up in the concrete pipe, 10 m far from the pond to collect the maximum of runoff. It should be adapted to avoid disturbances by solid wastes coming from the road (plastic bags, pieces of tissue, various materials…). The device was programmed to collect highway run-off as long as the water height in the pipe is above 3 cm. The surface water was collected in a plastic bottle, twice a month, when there was still water in the pond. The interstitial water in the sediment was collected close to the basin overflow in a plastic tube which bottom part at 40 cm in depth was pierced and covered with a geo-synthetic. Highway runoff was sampled for seven wet weather periods, since September 2004. Surface water was collected five times over a period from March to November 2004. The water in the piezometer was pumped eight times during the same period. Rainfall in 2004 was less abundant than in 2003, therefore the pond was often dry.
Measurements and analysis
In situ measurements of temperature, pH value, conductivity and redox potential were taken at a monthly or twice monthly intervals. The total chemical composition of the waters was determined in spring and autumn for the surface and interstitial waters and twice in autumn for the runoff. The solutions were filtered on a 0.45 mm pore size membrane after acidification and analysed for major elements and trace metals (AFNOR, 1996) . The surface and interstitial waters were investigated in spring for the colloidal fraction and the heavy metals associated. A filtration and ultrafiltration protocol in series is applied by using four cellulose filters with pore size from 8 mm to 0.05 mm and next, three ultra-filtration nitrocellulose membranes of 100,000, 30,000, and 5,000 MWCO (Amicon w cell, ultra-filtration by pressure).
Major elements (Si, Al, Fe, Mn, Na, Mg, K, Ca) and zinc concentrations were determined by Inductively-Coupled Plasma-Atomic Emission Spectrometry (Liberty 220 Varian). The detection limit for Zn was 10 mg/L. The others trace metals were analysed by atomic absorption spectrometry (Varian AA300). The detection limits for Cu, Pb, Cd, Cr and Ni were respectively 2, 0.5, 0.1, 0.5 and 2 mg/L. Precision ranged from 3 to 5% for trace metals.
Results and discussion
The physico-chemical parameters and the chemical total composition are compared for the 3 types of waters: runoff, surface and interstitial. First results on the colloidal speciation of heavy metals for specific events are presented in the third part.
Physico-chemical parameters of waters
During the data collection period, the temperature varies from 10 to 23 8C, with the highest value in september for the groundwater. The conductivity in pond and in the piezometer is rather constant in summer and autumn (about 200 mS/cm). The spring was marked with an increase of conductivity up to 2 mS/cm, maybe the consequence of a late salt spreading on the bridge. The conductivity of runoff is more related to the variability of loading (Figure 2) .
The pH value is rather constant (6.2 -6.9) during the year and no significant difference is noticed by comparison of the 3 types of waters. The higher pH value in March 2004 is concomitant to the increase of conductivity. The waters of Cheviré have a redox potential between 50 and 240 mV during the data collection period (Figure 3) . The values for the surface and interstitial waters are close. The Eh value of the runoff is more related to instantaneous physico-chemical conditions, but no relationship appears with conductivity or pH.
These results are compared to those of Legret et al. (1995) and Legret and Pagotto (1999) . The new registrered pH and conductivity values are in the same range than the data of the previous studies. For example, a mean conductivity of 190 mS/cm was registered on the A11 bridge in summer.
Total chemical composition of waters
The concentrations of major elements are of the same order of magnitude in the 3 types of waters, but the concentrations tend to decrease in the pond and after infiltration, especially divalent cations (Table 1 ). The high concentration of Na in the piezometer in march 2004 can be related to the increase of conductivity and confirms the hypothesis of salt spreading a few days before (Figure 2 ). During the different events registered in the sampler, the concentrations decrease, except for silicon.
Regarding the pollutant loading, the results underline that zinc and copper concentrations are above the limit values of the French regulation for good quality river waters ( Table 2 ). The concentrations of lead and cadmium are above or close to the upper limit and nickel and chromium are under the critical values. The concentrations of heavy Figure 4 illustrates the relationship between an increase of the concentration of suspended solids, iron and aluminium and the concentration of the 3 main heavy metals. Manganese seems to have a different behaviour.
The comparison with the literature values shows that the concentrations of heavy metals are in the same range on the same site than 10 years ago (Legret et al., 1995) . They are also in the same range of values than current measurements in England (Crabtree et al., 2004) . Curiously, despite the removal of lead from fuels, the concentration of Pb remains constant. It could be attributed to the increase of the traffic and to other sources of lead than fuels. Moreover, zinc has a higher concentration at the Cheviré site than 10 years ago.
Chemical analysis of colloidal fractions
The analysis of major elements and trace metals was conducted on particulate and colloidal fractions of surface and interstitial waters (Table 3 ). In these samples, lead, nickel, chromium and cadmium were under the detection limit. The results highlight that the concentrations of major elements, such as sodium, calcium, magnesium and potassium are rather constant along the filtration and ultrafiltration protocol, a slight decrease is only observed in the fraction below 10 kDa. Therefore the major cations are present in solution mainly as free ions. For surface waters, chemical elements such as Al, Fe and Mn are mainly retained above one specific cut-off, 3 mm. In groundwater, the elements Fe and Al are preferentially retained on 0.45 and 30 kDa pore size membrane (for Fe).
They are associated to particles or form colloids such as oxyhydroxides. A large part of manganese is associated to colloidal particles above 0.45 mm, but a fraction of Mn (about 20%) is present as solute in the water. The concentrations of zinc and copper decrease progressively in the particulate and colloidal fractions. The same behaviour for major cations and Al and Fe was observed for runoff waters. Table 4 confirms the main impact of the filtration on 0.45 mm pore size membrane on the concentrations of heavy metals in solution. For elements such as lead and cadmium, it was observed that they are present only in a fraction above 0.45 mm.
In conclusion, 90 to 95% of Ca, Na, Mg and K remain in solution under the 5 kDaltons cut-off; a maximum of 20% of Mn, 30% to 50% of Cu and Zn. Fe, Al, Pb and Cd seem to be associated to particles retained on 0.22 mm pore size membrane. Under the 5 kDa cut-off, elements are either as solute or in very fine colloïdal form. The data collection on runoff waters and waters in the retention-infiltration pond at Cheviré was carried out over about one year. The important findings include the role of sediment in mitigation of the variations of physico-chemical parameters of runoff, if these variations are not too pronounced. Conversely, there is an observed impact on interstitial water. Despite the relatively recent removal of lead from fuels it has been found that the measured concentrations of lead were not markedly different from literature values. Regarding the fractionation of heavy metals in dissolved and colloidal fractions, we conclude that Cd and Pb are associated to fractions above 0.45 mm; Zn, Cu, Ni and Cr are present in the different fractions from 3 mm to 5 kDa. The colloidal Fe-and Al-oxyhydroxides could be present in fractions above 0.22 mm. Manganese is present in all fractions of groundwater. Further measurements of colloidal fractions are planned and it is expected that this will confirm the measurements reported here. Analysis of future samples will also focus on the content of total organic carbon to better investigate the nature of colloidal phase to try to explain the repartition of Cu and Zn in the colloidal fractions. 
